Treatment of aortic dissecting aneurysm involving visceral arteries with multi-layer bare stents INTRODUCTION
Aortic dissection (AD) is a disease with a rapid onset and a dangerous prognosis. Aortic dissecting aneurysms involving visceral arteries are difficult for clinical treatment
1,2
. Conservative treatments of this disease have high risks, and there is high mortality after open surgery
3
. Traditional endovascular graft exclusion is a safe and effective method for aortic dissections that do not involve the visceral artery;
In this study, 16 patients with aortic dissecting aneurysm involving visceral arteries treated with multi-layer bare stent technique from March 2013 to March 2017 were retrospectively analyzed to study its short and mid-term efficacy.
METHODS

General information of the included patients
In this group, there were 16 patients aged 20-82 years old, including 13 males and 3 females. They were associated with symptoms of varying degrees of chest and back, waist or abdominal pain with the onset time 8h-10d. Computed tomography angiography (CTA) examination before the surgery showed aortic dissecting aneurysm involving visceral arteries ( Figure 1 ). Among the 16 patients, there were 15 with hypertension, 3 with coronary heart disease, 1 with diabetes, 1 with nephrotic syndrome, 1 with Marfan syndrome, and 1 with Behcet's disease. Also, this was the first operation for 11 of the patients and reoperation for 5 of them.
Surgical Procedure
Under general anesthesia, the right (or left) common femoral artery was punctured using the Seldinger method; the puncture site was located below the midpoint of the line between the ipsilateral anterior superior iliac spine and the upper edge of the pubic symphysis. The 8Fr sheath was however, dealing with aortic dissections involving important branches is very difficult
4
. How to reconstruct a vital branch artery is the key to solving this problem. After blocking the proximal crevasse, thoracic endovascular aortic repair (TEVAR) dramatically reduces mortality and the rate of complications. However, distal dissection cannot be cured. What is more, some cases develop into dissecting aneurysms involving abdominal visceral branch arteries. In this regard, the application of endovascular technology still faces significant challenges. Fenestration and the branch stents need space to expand the stent, but the true lumen of the dissection patient is often narrow, which makes the application of these two technologies limited. Also, part of the visceral arteries are from the false lumen of the dissecting aneurysm, so that the fenestration, branches, and parallel stent technology are more difficult to use. In recent years, the emergence of multi-layer bare stent technology for the treatment of dissecting aneurysms involving visceral branch arteries has brought hope 5 . Multi-layer bare stent technology has subverted the traditional concepts of traditional endovascular graft exclusion by regulating the blood flow and making dissection false lumen thrombosis while maintaining visceral artery patency
6
. Moreover, the technical difficulty has been dramatically reduced, so this is expected to become a safe, minimally invasive and effective method for the treatment of aortic dissecting aneurysms involving visceral arteries. placed and heparin (80 IU / kg) administered in the sheath. The 0.035-inch ultra-smooth guide wire was led to reach the proximal end of the aortic lesion segment under the surveillance of digital subtraction angiography (DSA). 6Fr Pigtail catheter was exchanged with an injection rate of 20ml/s and a total volume of 40ml, aortic angiography was performed with the upper limit of 1000 psi injection pressure and the lesion location and size was re-determined. Puncture site sheath was changed for the 10Fr sheath, and the 0.035inch super-hard guide wire was guided to go across the aortic lesion segment. The guide wire was used to guide into the bare stents (Sinus-XL stent, Germany Optimed Company) one by one and overlap them over the lesion. The size of the stent was chosen to be about 10-20% of the diameter of the proximal neck of the aneurysm as described in the instructions. The proximal or distal end of the bare stent was extended to continuously place the covered stent in order to cover all the crevasses. The final number of bare stents depended on the results of intra-operative angiography, which is based on a slowdown in the flow rate of contrast media in the tumor cavity. The branches of the aorta, including CA, SMA, RA, and SA, were directly covered without revascularization or spinal cord protection. After the release of the stent, the guide wire catheter was removed, the puncture point was sutured using a vascular suture device, was the area was binded up with local pressurization (Figure 2 ).
Statistical analysis
The statistical analysis was performed by SPSS17.0 statistical software (http://www-01.ibm. com/software/analytics/spss/), the measurement data were expressed with s x ± , and the enumeration data were expressed with a relative number. P<0.05 meant a statistical difference.
RESULTS
Stent application
Sixteen patients successfully completed the operation with a total of 39 bare stents (average of 2.44 per person). Also, there were 2 cases with 1 stent, 8 cases with 2 stents and 7 cases with 3 stents.
Arterial dissection thrombosis
All the patients received CT angiography (CTA) examination during 1-4 weeks after the operation to assess the arterial dissection thrombosis. CTA showed complete thrombosis in the arterial dissection in 4 cases (25.0%) and partial thrombosis in 12 cases (75.0%), (Figure 3) The main branch arterial patency One to 4 weeks post-operation, the CTA showed that the celiac artery, left and right renal arteries and superior mesenteric artery were unobstructed.
Changes in the size of the dissection arterial diameter CTA examination was performed one month after the surgery to assess the changes in the size of the dissection arterial diameter of patients, and the results showed that 4 cases had diameter reduction (25.0), 12 cases had no changes in diameter in (75.0%), and there were no diameter expanding cases. 
DISCUSSION
Aortic dissecting aneurysm involving visceral branch arteries has been a challenge for endovascular graft exclusion 7 . The traditional covered stent also covers the adjacent important branch arteries together while isolating aneurysms, resulting in target organ ischemia, necrosis, and dysfunction 6, 8 . In order to solve this problem, the branch/fenestrated stents (Zenith fenestrated endovascular graft) came into being. According to the important branch open position and angle shown by the patient's preoperative CTA image, fenestration must be performed in the corresponding position of the straight-type covered stent; the fenestration must be made toward each branch artery while releasing the stent. Then the branch stent must be placed through the fenestration position to both isolate the aneurysm and protect the patency of important branch arteries 8 . However, such complex surgical procedures and the individualization of the stent make this technology challenging to be performed in smaller medical institutions 9 . The fenestration and branch stents need space to expand, but the true lumen of the dissection patient is often narrow, which limits the application of these two techniques. Moreover, because part of the visceral arteries are from the false lumen of the dissecting aneurysm, the fenestration, as well as branch and parallel stent technologies, are more difficult to apply. The near or mid-term treatment effect of flat renal or suprarenal abdominal aortic dissecting aneurysm is good, but because its indications are strict, the requirements to the surgeon's experience and techniques are high, and stent customization costs a long time and much money too, so it cannot be popularized widely at present. There are no regular products of branch stents, but only some case reports about it. Also, chimney stent complications, such as leakage and stent compression occlusion and other problems, still plague clinical practice. The emergence of multi-layer bare stent technology to solve the problem of branch artery patency provides a new way of thinking. The objective of the covered stent is to build a mechanical barrier between the normal arterial lumen and the false lumen of the dissecting aneurysm cavity, and the multi-layer bare stent is designed to reduce the blood flow velocity and shear stress in the dissection, thereby inducing the formation of thrombosis in the dissection and achieving the "physiological" isolation, thus achieving the purpose of the treatment 10 . With the formation of thrombosis in the dissection, the shear stress of the arterial dissection wall is gradually reduced. At the same time, thrombosis increased the effective thickness of the wall and reduced the radius of the arterial lumen to achieve the effect of reducing the wall tension. However, bare stent-induced thrombosis is a relatively slow process. It may take several months to reach an effective level. During this period, the patient is still at risk of dissection fracture. In this study, CTA follow-ups 1 week and 1 month after the operation have found basic thrombosis in the dissection. There were no cases of dissection fracture. However, patients with hypertension should strictly control blood pressure to minimize the risk of dissection fracture while the thrombosis in the dissection has not yet fully formed.
In this present study, the maximal diameter of arterial dissection was reduced by 3.5mm on average, and there were no complications such as dissection expanding and fracture. A previously published study 4 reported using optimed bare stent multi-layer overlapping method for the treatment of 13 patients with dissecting aneurysms with an average follow-up of 20.9 months. The mean arterial diameter was reduced from 52.7 mm to 51.5 mm, but this was not statistically significant. The false lumen of the dissecting aneurysm completed thrombosis in 12 months in only 16.7% of the patients. Analysis of the reasons for that showed that most of the aortic dissections have distal crevasses, the distal end of the false lumen has outflow tracts, and the blood forms a stable circulation method. Therefore, the simple implantation of multi-layer bare stents has poor efficacy. However, it has good efficacy for dissection patients without obvious outflow tracts in the distal thrombosis. In this study, all the patients received covered stents placed in the dissecting non-visceral blood vessels area to cover the dissection crevasses and destroy the stable laminar flows, and they were placed into the bare stents sequentially, to achieve a satisfactory therapeutic effect.
In our present study, the average number of bare stents used was 2.44, with a maximum of 3 and a minimum of 1. Mainly based on the results of intra-operative angiography results, the number of bare stents stacked was flexibly controlled until the observed dissection blood flow velocity significantly decreased and the contrast agent density was significantly reduced. Thus the risk of incomplete isolation was greatly reduced. On the retention of the branch arteries, the short and middle term results of this study were satisfactory. No clinical symptoms of target organ ischemia were observed during the follow-up. There are also disagreements about postoperative anticoagulation therapy. In the literature 11 , postoperative routine combined with antiplatelet therapy (aspirin 100mg / d, clopidogrel 75mg / d) is recommended to maintain the patency of the branch arteries. However, antiplatelet therapy can delay the formation of thrombosis in the dissection, which is not conducive for reducing the risk of dissection fracture. In this study, routine antiplatelet therapy was not performed. For clinical effects, even if not given conventional antiplatelet therapy, branch arteries can still maintain good patency. This may be related to the "circulatory pathway" hypothesis that the blood flows go through the branch arteries into the target organ, and the corresponding venous flows go back to the heart, forming a closed circulatory system, which drives the blood flows to the branch arteries 12 .
CONCLUSION
In summary, the initial results of this study are satisfactory. However, some problems need to be further investigated. (1) How to determine the dissection prognosis during the surgery by the quantitative determination of DSA results; (2) how to deal with long-term arterial stenosis or occlusion in the stent coverage area is a matter of concern; (3) the current lack of multi-layer bare stent treatment norms and guidelines. Besides, the study was designed as a single center retrospective clinical study, and the number of cases included is relatively small. It is limited by the relatively short follow-up time. Moreover, long-term safety and effectiveness of multi-layer bare stent technology cannot be determined so far. 
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